A method was demonstrated to develop a personalized pattern of pant from 3D scanning data. There were three main steps to complete the purpose: 1) realization of individuality of a body; 2) description of distribution of ease allowance at characteristic features; and 3) a method to alter a basic pant pattern to develop a personalized one.
Introduction
With the development of technologies, consumers appear to purchase a clothing fits well made by customization with higher quality and lower price. With the development of Internet and E-commerce, costs for materials and transaction to manufacture have reduced greatly. However, the demand for customization is rising significantly. One promising trend in the filed of appreal manufacturing is increasingly growing up which requires manufacturers to find a way to meet the rising requirement and change themselves from mass-production to MTM (Made to Measure), or more advanced, masscustomization. In the past decade, new technologies, such as 3D body scanning for anthropometry, big data for analysis of body types, intellgent CAD for pattern-making, flexible manufacturing systems, and virtual try-on technology for fitting, have greatly pushed forward the mass-customization operations [1] [2] [3] [4] [5] . Among them, the technology to make a personalized pattern still remains the core of customization. An personalized pattern-making system is a vital part of mass customization because it solves the problem of how to produce a well-fitted apparel pattern according to a customers' figure [4] . One main purpose of using the customized system is to provide a prompt way to generate individualized apparel patterns directly from digital body data. As summarized by Yang, et. al. [7] , there are two main ways to implementing the purpose. The first way is to modify a ready-to-wear pattern using a certain grading rule. Modification of garment pattern is an essential step in producing a good-fit clothing, which can be further divided into two methods. The first uses mathematical or experience-based formula to change shape of curves in a basic pattern to fit a specific body, which is usually used in traditional CAD system. The key is to modify a pattern in conjunction with sizing and alteration tables that are designated by a national or industrial standard. The second method is based on Artificial Intellgent (AI) technologies, artificial neural networks (ANN) and fuzzy logic (FL) are the most relevant. ANN has been proven to be feasible and useful in developing models for nonlinear systems. By the view of ANN, an clothing pattern is a set of elements including points, lines, curves and sizing. Pattern making is just to decide the setting according to individual body measurements and fabric properties. Similiarly, FL provides a simple way to arrive at a definite conclusion based upon vague, ambiguous, imprecise, noisy, or missing input information. By the view of FL, many problems, such as the fit or the ease of the pattern, cannot be described precisely but is suitable to deal with FL technology. Summarily, the AI techniques depends on parameters that describe the topological relationships between points, lines and curves in pattern making.Further, the value of the parameters usually determined by an operator's experience instead of ideas of taking advantage of 3D data of a body. Another way is to generate a personalized pattern through flattening a 3D garment by a computer [8] [9] [10] [11] [12] [13] . It is logical to think of that a well-fitted pattern can be obtained by flattening a 3D model which was built up from a person's scanning data. In the development of apparel CAD systems, considerable attention has been paid to the flattening techniques. Given a 3D free form surface and the material properties, the counterpart flat patterns can be generated through the flattening process. The main advantage of this method is to generates pattern pieces directly from a 3D virtual model, which retains the shape of an individual figure in developing a pattern. However, it is hard to integrate this virtual pattern into the pattern-making systems that have already been in operation for decades, and the practicability and accuracy of the pattern by this method needs to be improved.
Proceedings of 3DBODY.TECH 2017 8th International Conference and Exhibition on 3D Body Scanning and Processing Technologies, Montreal, Canada, 11-12 Oct. 2017 According to the relationship between features of a body and curves in a pattern of clothing, a female's body surface can be seen as a tightest clothing which covers the body without any ease, and a wellfitted clothing can be looking as an overlap with a proper ease upon a basic pattern. Thus, there are three main projects need to be revealed: 1) how to develop a personalized basic pattern from scanning data; 2) how to add an ease allowance to features' location in a pattern; and 3) how to develop a personalized pattern using the result in the former two projects.
Development of a personalized basic pattern
According to principle of "body-pattern" in Fig. 1 and reference [14] , we took a body surface as a tighest clothing and locations of features as frame of a pattern. Moveover, according to the inherent relation between a body and a clothing, the shape of a body's feature determines the shape of a curve in the pattern, individual features lead to individualized curves and subsequently individulized pattern. Therefore, analysis of a body's features become an essential work to realize individuality in a clothing pattern. In this paper, only the lower body and the pant pattern was selected to be studied. The individualization was divided into three parts-the individilities on height, on girth and on crotch, rules were studied for each part respectively. Correspondingly, a body's 3D feature was also divided into height, width, and thickness to measure. The girths such as waist, abdomen, hip, thigh, knee and ankle, were carried out according to ASTM 5219-94d. The Width (Thickness) of a certain feature is the width (thickness) in front (side) view at the feature's position, and projected length if the girth is inclined. The length of Central Front/Back Line and Front/Back Crotch was measured along the surface of the body. Moreover, in side view, we defined lateral line as a line which across midpoint of thickness of waist and midpoint of thickness of calf. Based on the lateral line, features were divided into Front and Back parts. Please see more details in Figure 2 . 
Method to realize individuality of a body
As metioned before, how to describe the individuality of a body is the key to develop a personalized pattern. Our method takes two main steps. The first is to describe and formulate the features of a body with parameters or formulas relating to the shape of some elements, such as points, lines, curves or angles, in a pattern. The second is to classify the parameters or formula into grades that provide different ranges to fit the variety of bodies, and to provide values for adjusting the elements to be individual. Here, we took only an example of girth to illustrate the methodology. A shape of cross-section at a characteristic position gives the most exact information for body figure and determines length and shape of curves in structure of a pant pattern. So the ratio of thickness and width was adopted to reflect a feature's individuality as = , in which the subscript indicates the feature's name relevant.
The thickness and the width of cross section at each feature were measured and the ratio was calculated respectively. Subsequently, the maximum and minimum of ratio were found and arranged with a 0.05 differece. Further, the quantity which belongs to a certain grade was counted and the result showed in Table 1 . It can be seen from Table 1 that the ratio mainly concentrates on one or two grade(s) for each feature. It is logically to explore the exact relationship among the width, the thickness and the girth. Therefore, correlation analysis among width and thickness of feature and girth of a cross section was made. Table  2 shows the result that all of the correlation coefficient R 2 are relatively high, and sig.(2-tailed) are 0.000 < 0.01, which illustrates that the variables have significant correlationship. Thus, it is feasible to get the relationship among width and thickness of a featurres and its girth by method of regression. Scatter diagrams among width and thickness of each feature and its girth were made to observe trend of distribution. There were two examples for explanation, the front waist and thickness of front waist in Fig. 3 (a) and the front waist and width of waist in Fig. 3 (b) . The constant and the regression coefficient were obtained by regression analysis at each characteristic postion. Because the similar procedure of regression, there was only an example of waist for illustration in Table 3 which shows the result of regression. An error check for regression at each feature was carried out. We arranged the absolute error with 1cm a grade and counted the number falled into a certain grade, the result showed in Table 4 . It shows a good and high concentration for the front and back features, and most participantors have an absolute error within 1cm, which is reliable for body measuring and further analysis. When a certain person was scaned and the was calculated, a grade could be chosen according the grade value in Table 1 . Subsequently, a regression in Table 3 was selected according to the grade value, therefore the regression coefficient was settled down. Finally, because the Waist and Thickness of front/back waist were easy to measure and obtained, the Front/Back Waist were predicted rapidly, which was relative to the length of front/back waist in a pant pattern. Similar method were carried out at each characteristic positions, so the individulity of a body were described in a personalized way, in other words, there are alternatives for pattern making to choose.
Distribution of ease allowance at characteristic features
Many research efforts have been taken in the area of ease assessment and determination. Zhang et al. [15] studied the distribution of the distance ease in the bust section at different radial angles. They scanned an unclothed dummy and the same dummy clothed with shirts separately and set a radial coordinate system on the shirt-body circumference at bust location for quantitative analysis. Our experiment was similar with Zhang's but different with the coordinate system for measuring. A female student in our university was chosen as an experimental object.Her body sizes conform to the Chinese standard on dummy mannequin (GB/T 1335. , which represents the characteristics of body shape of East Asian females. The height, bust, waist and hip lines of the object are 163, 84, 67 and 90cm, respectively. The style of garment samples was suit pant, designed with front and back darts along the waist band without any pockets or other accessories, as shown in Figure 4 . The size of the pants was divided into three categories: Tight Fit-ease allowance from 0 to 4cm, Fit-ease allowance from 6 to10cm and Loose-ease allowance from 12 to16cm, which include almost all of possible ease allowance for ready-to-wear pants given by designers. We made one garment sample for each of the "Tight Fit" and "Loose" categories and two for the "Fit" category. More information about the sizes of these pants is shown in Table 5 . Next, the unclothed and clothed body scanning data were obtained and overlaped. Thus, cross-sections could be made to get the pant-body circumferences at various locations. Figure 5 displays the pantbody circumferences of hip, abdomen, thigh and knee with four different ease allowances. 
Measuring of distance ease
We defined the distance ease as the distance between the pant and body circumferences at a certain postion, such as (A1A'1) in Figure 6 . The method to measure distance ease was carried out as following. A frame was firstly settled down with the help of Width and Thickness of a feature, e.g. hip in Fig. 6 . Then some sampling points were determined by trisecting OL % &&&&&& to get O1 and O2, and then bisecting 
Regression Analysis
Based on a basic pant pattern, if the distance ease can be added to exact positions in the pattern structure, then it becomes easier to develop an personalized pattern of pants automatically. Therefore, the correlation analysis was done to explore the relationship between the distance ease and the ease allowance. Let φ present the distance ease at one sampling point and ω the ease allowance of a pant. The regression equations were obtained after scatter diagram test and correlation analysis, the result for the distance ease at selected sampling points and ease allowance given were shown in Table 6 .
Proceedings of 3DBODY.TECH 2017 8th International Conference and Exhibition on 3D Body Scanning and Processing Technologies, Montreal, Canada, 11-12 Oct. 2017 The pant-body circumferences were abstracted as two circles, as shown in Fig. 7 . The increments for the pattern can be described as: ∆L = L 5 − L 7 = DE * α. In this model, ∆L means the increment of the pant pattern in girth, e.g., hip, caused by distance ease, and α is the angel between two sampling points. The method to measure angle α is shown in Fig. 8 . In the narrow space, the distance ease and the radial between the pants and body can be considered approximately equal. Fig. 7 . DE-Increment model. Fig. 8 . Method to measure angle α.
Proceedings of 3DBODY.TECH 2017 8th International Conference and Exhibition on 3D Body Scanning and Processing Technologies, Montreal, Canada, 11-12 Oct. 2017 Once the ease allowance ω were given, the distance ease φ could be got by regression equations. By applying the distance ease φ and the angel α into the DE-Increment model, the increment of the pattern ∆L at different sampling positions can be calculated. Table 6 shows the increments ∆L of the pattern of pant #3 at different sampling points on the hip girth.
Development of a personalized pant pattern by altering
Once the increments of a pattern obtained, it can be used to alter the patter for purpose of personal fit. First, a basic pant pattern can be generated according to the relationship of body and apparel pattern illustrated in Fig. 1 . The length of Front/Back Waist can be calculated using regression equation in Table  3 in an individual way, and other elements can also be calculated out by similiar ways. The basic pattern in Fig. 9 includs an ease allowance of 1cm at waist and have no allowance at hip. This pattern fits tightest and reflects the body shape well. Secondly, the increments ∆ 2 in Table 6 were added to their locations in the front and back patterns respectively. This process was shown in Fig. 9 (b) . The directions of the increments are determined to ensure a balanced pattern. There were totally 9.2cm increments in the hip line. Another 8.8cm increment to the thigh line was added with the same method. The smooth lines were made to pass through all of the adjusted points, and the final patterns were shown in Fig. 9 (c). Fig. 9 Alter a basic pattern to develop a personalized pant pattern.
Conclusions
A method to develop a personalized pattern of pant was studied in this paper. There were three main parts to complete the purpose: 1) realization of individuality of a body. In this part, a method to classify the parameter which reflects the relationship between a feature and an element of pattern plays the most important role. 2) description of distribution of ease allowance at characteristic features. This part deals with the issue that how an ease allowance distribute at different characteristic features, and the relationship among ease allowance, distance ease and increment of a pattern were discussed especially. And 3) a method to develop a personalized pant pattern by altering a basic pattern using the results from the above two parts. The main innovation of this paper are the method to classifying a feature to express individuality of body in the structure of pattern and increment at a certain feature based on a basic pattern caused by an ease allowance given by a designer. It showed a complete way to develop a personalized pant pattern from 3D body scanning data.
